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It is well known that shaft surface finish can significantly affect the performance of a lip seal, even though the shaft roughness, after run-in, is much smaller than the lip roughness. In the present research, a numerical model demonstrates that small fluctuations on the shaft surface can produce large hydrodynamic effects in the sealing zone due to the non-linearity of the Reynolds equation.






Figure 1: Schematic of lip seal

Figure 1 contains a schematic of a typical lip seal. It has been known that under typical operating conditions, a micron scale lubricating film of liquid separates the lip from the shaft, in such a seal. This film prevents damage to the lip from excessive heat generation and mechanical stresses at the lip-shaft interface. However, discovery of this film led to two important questions. What is the load support mechanism that produces elevated pressures large enough to lift the lip off of the shaft and allow formation of the film? What is the sealing mechanism that prevents liquid from flowing through the film and leaking through the seal?
These asperities also are responsible for the sealing mechanism. They produce a reverse pumping action, that tends to pump liquid from the air-side of the seal toward the liquid-side of the seal, opposing the natural flow from the liquid-side toward the air-side, thereby preventing leakage. This reverse pumping is primarily generated by a viscous pump mechanism. Under dynamic conditions, the asperities on the lip surface are distorted into vane-like shapes due to the shear deformation of the elastomeric lip in the circumferential direction. As liquid is dragged over each vane-like asperity by the shaft rotation, flow is induced in the axial direction. If the axial location of maximum shear deformation is closer to the liquid-side of the seal than to the air-side, as it is in all successful seals, there is a net pumping of liquid from the air-side toward the liquid-side. A secondary reverse pumping mechanism due to interasperity cavitation that supplements this viscous pump mechanism, has recently been discovered. A slight axial variation in the average film thickness can produce a variation in the degree of inter-asperity cavitation, which produces a gradient in the average pressure that generates additional reverse pumping.
It should be noted that all of the theoretical and numerical studies of lip seal behavior, cited above, treat the shaft surface as perfectly smooth. This is because, it has been well known that the shaft is much smoother than the lip. However, practical experience indicates the shaft surface finish is very important to lip seal performance. It has long been known that if the shaft is too rough or too smooth, the seal will fail. More recently, a number of studies have revealed that not only is the amplitude of the shaft surface fluctuations important, but the shaft surface profile is also important. 
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